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(57) ABSTRACT

A n&onitoring and command system for usc in a wirclcss
commun&cat&ons system incluihng remotely located trans-
ce&vers for transm&n&ng and race&v&ng telephony si naia to
and from yvireless telephones wherein each of the remote
transceivers is connected to a broadband distribution net-
yvork. A central location includes remote antenna signal
processors connected to the broadband distribution network
and a control unit is connected to the remote antenna signal
procesm&r, and the mon&tomng and command system controls
operations of the remote antenna signal procemors and the
remote transceivers 'I'he control unit exchanges control and
monitoring messages yvith the remote antenna signal
processors, and each exchange of messages composes a
complctcd cxchan e of messa cs with onc rcmotc antenna
signal processor i&cforc initiation of an exchange of mes-
sages w&th another remote antenna signal processoir Each
remote antenna s&gnal processor exchanges control and
monitoring messages with the remote transceivers associ-
ated therewith, and the messa es to all associated remote
transceivers are interspersed Lach control and momtoring
mcssa e includes a mcssagc number field identifying thc
meaning of thc message, a unique message tag fiekl used by
the remote antenna s&gnal processors to identify each remote
transceivers, and a plurality of. data liekls containing mes-
sage information where&n the contents of each data iield are
defined by the contents of the message number held

4 Claims, 13 Drawing Sheets

Prinnrry Examiner—Viilham Troat
Assis(nri( Exon&incr~aileen Milord
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MSG¹ HEX MSG¹ DEC Masse ~ Name
MSG FAIL

Use e Pe e

1 ALARM STATUS REQUEST MSG
ADD HIC MSG
HIC DS OUTPUT POWER MSG
HIC US POWER MSG
HIC SET ALARM MSG
ADD CMI MSG
ACT CMI MSG

8 CMI US ATT MSG
CMI DS ATT MSG

3, ATP
S, ATP
5 ATP
S ATP
S. ATP
6, ATP
3, ATP
3, ATP

10
10

767

OxOE

Oxto
Ox11

Ox12

Ox13

Ox14

Ox15

Ox1 6
Ox17
Ox18

Ox15
Ox1C
OxID
Ox1E

Ox1F

Ox2B

Ox2F

Ox30

Ox33

10

12
13
14
15
16
17
18

21

23
24

26

31

37

41

47

49

51
52

CMI SET ALARM MSG
CMI HIC GAIN MSG
HIC CODE DL MSG
HIC SET TD MSG
HIC SET CAL MSG
CMI CODE DL MSG
CMI SET TD MSG
CMI SET CAL MSG
HIC REPORT RM MSG
HIC COMM STAT MSG
HIC ATTENUATION STAT MSG
HIC FREQUENCY STAT MSG
HIC POWER STAT MSG
HIC MISC STAT MSG
HIC TD STAT MSG
HIC READ CAL MSG
HIC VER NUM MSG
CMI COMM STAT MSG
CMI ATT STAT MSG
CMI REPORT LARM MSG
CMI FREQ STAT MSG
CMI POWER STAT MSG
CMI MISC STAT MSG
CMI READ CAL MSG
CMI READ TD MSG
CMI READ VER MSG
HIC TUNE PLL MSG
HIC POKE MEM MSG
HIC PEEK MEM MSG
HIC COPY TO EEPROM MSG
CMI TUNE PLL MSG
CMI POKE MEM MSG
CMI PEEK MEM MSG
CMI READ NID MSG
WINK HIC MSG
HIC UPSTREAM TONE POWER
HIC FLASH DAT WR MSG
HIC FLASH DAT RD MSG
HIC FLASH UNLOC MSG
HIC CAL MODE MSG
HIC REBOOT MSG
HIC MSG DUMP MSG
CMI US SETPOINT MSG

S. ATP
S ATP

S, ATP
ATP
ATP

6 ATP

5, ATP
5, ATP

S, ATP
ATP
ATP
S, ATP

5, ATP

5, ATP
6, ATP
S. ATP
ATP
ATP
S ATP

TD

TD
TD

TD

Not used

10

12
13
13
14
14
15
16
17
17
18

19

19
19

21

24
24

25

27

27
27
28
28
29
29
29

31

FIG 7A

IJsagE1d.gftnnL.
5 e Required for normal System operation
ATP = Required by Automated Test Procedure, Hardware Qualification
TD e Test and Debug use only
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Message MSG FAIL This message is 8 RESPONSE only. If a message failed
to be processed by the mceiving device, this RESPONSE
wl¹ be returned.

Msg.
Num
Ms Ta

DF 81

DF ¹ 2
DF¹3

Ox00

Ta number
RESPONSE

enor

If DF 81 ~ 3

:0 0-255

7:0 1- Poll Neuron Timeout
2- BPSK Demodulator Timeout
3- Multiple Message Error (DF ¹2-1 0 indicate the CMls

in which errors were re ded
5- Re uested CMI is not online test on
Bit set if CMI didn't res d to ms sent to it

Al ha CMI 8.1 Bit-ma ed
Ai haCMI 16-9 Bit-ms ed

DF¹4
DF 8 5

DF¹6
DF¹7
DF¹8
DF¹9
DF 810

7:0
7:0
7:0
7:0
7:0
7:0
7:0

Al haCMI, 24-17 Bit-m d
Beta CMI 8-1 Bit-ma ed
Beta CMI, 16-9 Bit-ma ed
Beta CM, 24-1 Bil-ma sd
Gemma CMi, 8-1 Bit-ma ed
Gamma CMI 16-9 Bitmta d
Gamma CMI 24-17 Bit-ma ed
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Message ADD HIC MSG This message Is used at installation, and to change the
HIC'6 State and Channel arameters.

Msg.
Num
Ms Ta

DFS1

DFS2
DF6 3
DF64
DF85
DF6 6
DF67
DF88

DF69

DF810

DF 6 9

DF610

Ox02

Ta number---* * REQUEST---
hic state

al ha u str ri fre
sl ha u str div
beta u tr rl

bets u tr div f
amma u str ri

amma u r div I
dnslr chan
USA Channels
indicator

tx chan
Korean FAs
lridlcator

tx chan

7:0 0-255

tmQIISne 1=Qnline
Downstream ower. Okoff / lmon
Reference tone: 0=off / 1 =on

3 Controltone: 0 off/tmtn
CMI Data Base: 0=leave alone/ lmdear
Power u state: 0=from defaults / 1 =from last state

6 Charms)T: 0=STD,1 HRC 2 IRC
he U tream Prima Fre: see notes below
ha U trsam Divers're: see notes below

0 Bets U ream Prima Fre: see reise below
:0 Bets U tream Divers': see notes below
0 Gamma U tream Prima Fre: see notes below

Gamma U ream Dive 're see notes below
7:0 Downstream Channsh 0-120

:5 USA Channel indicator 000
4:0 PCS Channel MSB 0-1 see notes below
7:0 PCS Channel LSB 0-255 see notes below

:5 Korean FA Indicator 001
4:0 unused send zeroes

0 Korean FA 1-21 ses notes below

Notes;
wimp any of Ihs Fmqusncy and Charnel psramstsm sre dmngsd. Ihs apprcpszte values ct any attached DMie wsi euicmxxcxzy ce changed, i ean ADT cMI MsG whh chsngml dale ls sent to each asachsd CMI.

upstream CAll/ Frequency:
5 lo 42 MHz in 250 KHz slaps, ( I s. sx desired upslnuun treq of 23 5 MHz (23 5 MHZ/ 250 MHz) = 94), maintain al lsazl 2 MHz between
as sectors and channels, Divsrssy channel 2 MHz min. above ss corresponding pnmwy channst

Doted States PCB Ctmnmz:
Band A: channels 25 to 275. Tx ssq (pcs chan x.05 Mtlz) + 1930 MHz, Rx Fmq Is 60 MHz below. 6 s. for peg channel 275 set
DFSg lo 1 (256) and Dpslg to 19)

Konmn PCS FA;
BandA:FAs1 to7, Txfmq= (PCS FAx125MHz) + 1840MHz, RxFreqlsgoMHz below.
Band 8: FAs 8 to 14, Txfrsq ((pc6 FA-7) x t&6 MHz) + 1850 MHz, Rxprsqls goMHz oslow.
Bande:FA415lo21,Txtrsq ((PCS FA-14)x125MHz}+ 1860MHz, RXFrsqis90MHzbslow.

Other courwles'c6 channel alkeasons csn bs added by asetgnxu DF s 9 oss 7:5. Blx pcsxlbiases mmsin (o1 6 - 111)
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Message HIC DS OUTPUT POWER MSG This message is to set up ths HIC's downstream
atlenuators and ower control.

Msg.
Num
Ms Ta

DFfr I

DF¹2

DF¹3
DF 64

Ox03

Ta number
"'* "'EOUEST-'ic

state

seve to flesh

dnstr stt value
ref ctrl tone

7:0

7:6

0-255

0 v Offline / I = Online
Dovmstream ower: 0=oft I 1 on
Reference tonre thmff / 1=on
Control tone: 0=off I 1=on
CMI Data Bass: 0=leave alone I 1=clear
Power u state: 0=from defaults / I from last state
Channsl T: 0=STD 1 HRC 2=IRC
DS Atten: 0 don't chan e I 1 chs e
Ref/CntlAtten; Ovdor/tchan e /1vchan e
Downstream attsnuator: 0-44 2 dB at s
Ref/Ctrl atlenuator: 044 2 dB ste s

FIG. 7D

Message HIC US POWER CTL MSG This message Is to set up the HIC's upstream

FIG. 7E
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Message ADD CMI MSG This message is sent to the HIC at installation of a CMI.
The Neuron ID is loaded into the CMI data base within the
HIC. If Ping is set (DF¹10 MSB) the HIC then builds and
sendsanACT CMI MSGtotheCMI.

Msg.
Num
Ms Ta

Ox06

Ta number
'EQUEST-

7:0 0.255

DF¹1 sector/ cmi num (7:6)
4:0

Sector Number. 0=Alpha, I =Beta, 2Wamma
CMI Number: 0-23

DF 42
DF¹3
DF 44
DF¹5
DF¹6
DF¹7
DF¹6

DF¹9

DF 410

NID5
NID4
NID3
NID2
NID1
NIDO

state

tx state

in I sin

7:0 Neuron ID MSW
7:0 Neuron ID
7:0 Neuron ID

0 Neuron ID
7:0 Neuron ID

0 Neuron ID LSW
0 = Not active /1 = Active
Auto stats: 0 off /1 on
Dwnstrm auto ain: 0=off/1 =on
Power u stats: 0 from defaults /1 from last stats
CMI alarms: 0 leave alone / 1 clear
U strm auto ain: 0 = off /1 = on
PA: 0=off/ 1 on
Prima Receive: 0 = off /1 on
Dwers'eceive: 0 = off /1 on

6:0 Dwnstrm AGC Set oint: HIC in ut lo CMI out ut
Pin CMI: 0= es/ 1=no
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Message ACT CMI MSG This message is used at installation snd to change the
CMI State, CATV and PCS frequencies, Tx state and CMI

ain.
Msg.
Num
M Ta

Ox07

Ta number 7:0 0-255

DF8 1

DF9 2

--- REQUEST **-'
sector/ cmi num

stats

Dh 6)
4:0

Sector Number: OPAlpha, 1=Beta, 2=Gamma
CMI Number. 0-23
0 Not active / I = Active
Auto stats.' = off / 1 on
Dwnstrm auto ain: 0=oft/1 on
Power stats: 0 from defsufls / I from last state
CMI alarms: 0= leave alone 7 1 =clear
U strm auto ain. 0 off/I on

DF 83
DF 94
DF¹5

u ri fre
u div frs
dn chn

7:0 U stream Prima F: sse notes below
:0 U stream Divers're: see notes below
:0 Downstream Channel: 70 to 120 ses notes below

DFII 6 dn chn type (1:0) Downstream Channel Type: 0 = STD, 1 = HRC, 2=IRC
see notes below

DF¹ 7

DF¹8

DF¹7

DF¹8
DF ¹ 9

DF8 10

US Channels
indicator
cs tx chan
cs tx chan

Korean FAs
indicator

tx chen
stats

ain

7:5 US Channel indicator 000
4;0 PCS Channel MSB 0-1 sse notes below
7:0 PCS Channel LSS 0-255 see notes below

:5 Korean FA indicator 001
4:0 unused send zeroes
7:0 Korean FA 1-21 see notes below
0 PA: 0 off/ I on

Prima Receive: 0 off /1 on
Diversi Receive: 0 = off /I = on

6:0 Dwnstrm AGC Sst int: HIC in ut to CMI out ut

Note:
It 9 CMI is attached to 9 HIC, it is then necessary to match all the Frequency and Channel parameters to the current

values of the HIC.
upsswufl CATV Fmqrmnzy:

5 tb 42 MHz In 25c xHz steps. ( I e. for desired upstream freq of 23 5 MHz (23 5 MHz I 250 MHz) = 94) Diversby channel 2 MHz mrn

above Sx ccnezpcndlno Primary chwnel.
PCS Chsnnec

Band A: cnennele 25 tc 275, Tx freq = (pcs chan x .05 MHz ) + 193c MHz, Rx Freq Is Bc MHz below. O.e, fcr pcs channel 275 zet
DF¹9 Ic I (256) eric DF41c to 19)

Korean PCS FA:
ssndA:FA41tc7,Txfreq (pcs FAx125MHz) + 1840MHz, RxFrsqissoMHzbelow.
Banda: FA38tc14, Txfreq ((pcs PA-7)x125MHz) + 1850MHz, Rx Freqiz soMHz below.
Band C:FAs15tc21, Txfreq= ((PCS FA-14)x125MHz)+ 1860MHz, RxFrsqisaOMHz below.
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Message CMI HIC GAIN IESG

Msg.
Num

Thia message iS uSed by the HIC for the auto gain
function. The message dale is different tram HIC to
CMI than it is from CMI lo HIC.

Ms Ta

DF¹1

OF ¹ 2
DF¹3
DF¹4

Ta number
*" HIC to CMI "-

enumerator

time

7:0 0-255

;0 0, &5 Tum Gain Tons off
I Tell CMI to calculate &vera e wer am value
2,3 Tum Gain Tones on
4 set the US and DS attenuators
5 Tum Gain Tone olf, sst US attenuatms, turn on/off
PA and Rcvrs Tuna PCS channel and save it to flash

0 Gain time enum = I
7:0 GaintonsFre MSB enum 2or3 seenotesbelow

0 GalntoneFre LSB enum=2or3 see notesbelow
DF¹5 sector/ cmi num (7:0) Sector Number 0 Alph&, I=Beta, 2 Gamma

CMI Number 0-23
DF¹6
DF 37
DF 48

ri att
u div ah

com sh

:0 U stream Prima Attenuation enum = 4,5
:0 U stream Divers Attenuation enum = 4 5

7:0 U stream Combined Attenuation enum = 4 5

DF¹9
DF¹10 dn os att

7:0 Downstream Attenuation re SAW enum = 4
7;0 Downstream Attenuation st SAW snum = 4

DF¹3
DF¹4
DF¹9 tx state ses note below

7:0 PCS Channel MSB enum = 5 ses notes below
7:0 PCS Channel LSB snum = 5

PA: 0 off/ I on enum = 5
Prima Receive: 0 off/I on snum=5
Diversi Receive: 0 off / I = on snum 5

DF¹1
DF 42
DF¹3
DF¹4
DF 95
DF¹6

"'MI to HIC "- *

a tx wr
tone wr
u wr

ri cal fac
div cal fac

ri att

enum 0,2,3 4 &5 see note below
7:0 Power Am Transmit Power
7:0 Gain Tane ower
7:0 U stream ower
7;0 Prima calfactcr

Divemi eel tactor
7:0 U stream Prima Attenuation

DF ¹ 7 U dfv att 7:0 U treem Diversi Attenuation
DF¹8 u com atl

dn re attDF ¹ 9
DF¹10 dn os ah

7;0 U stream Combined Attenuation
7:0 Down stream Attenuation re SAW

;0 Down stream Atlenuatian ost SAW
Notes:
Gain tone requsncy. (enum 2 or 3)
GsinFreq = gnl(Pc3 chan/3] x 3)-7; I e. If P03 channel equals 100, Ihsn gnttcc/3] x 3)-7 = 92
puts Ihe gala tones sl approx. Sso lo 450 kHS above Ihs canter al Iha upstream cATv paassiais.
For envm I & 5, cMI echoes back Ihe Hlc la cMI massage cela.
For enun&4, bpwi acacia PA ena Rsasivsm, but tx slats is NOT GHANGED ta rellect ahst this massage has done. This is part of a gaia iaas
asxblasan fxaasduis slat Is Slat used.

FIG. 7H



MONITORING AND COMMAND SYSTEM
FOR TRANSCEIVERS USED TO INTER-

CONNECT WIRL'LESS TL'LEPHONES TO A
BROADBAND NETWORK

RELATED APPLICA11ONS

Thts is a continuation of U.S. patent application Ser. No.
08,'9))8,878 filed Dec. 24, 1997.

FIELD OF THE INVENTION

The present invention relates to wireless communications
systems, and more particularly to a monitnring and com-
mand system for transceivers that carry telephnny signals
bctwccn wirclcss telephones and a broadband distribution is
network.

33ACK(l ROUND OF 11 IE INVL)NTION

Thc prior art teaches thc usc of existing cable television
network cables to carry telephony signals between a tele-
phone network and remote transceiver sites in delined cells
or sectors. The remote Iransceivers are used to establish
wireless telephnny cnmmunication links with svireless tele-
phones that are operating ivithin an area covered by each
rcmotc transcmvcr. To incr):asi: the number of wirclcss zs
tclcphonc subscribers that can use thc wireless telephone
system it has bern su gested to dccrcasc thc size and
operational range of each cell or sector, and to increase Ihc.

number of cells or sectors required to provicte wireless
telephone service tn a given area t laving cells or sectors of ')

)

decreased size permits greater reuse of the limited number of
frcqucncy channels allocated for wireless telephone service
bccausc other cells or sectors located at a closer range can
rcusc thc same frcqucncy channels for additional calls
without signal interference. The rulvanlages of. reducing cell
or sector size to increase the call carrying capacity of. Ihe
wireless telephone network is ofFset by the requirement for
additional remote transceivers for the additional cells This
oft'sct is minimized by utilizin an cxistin broadband
distribution network to provide thc conimunications path zo
bctwccn rcmotc transccivcrs in each of thc ccfls or sectors
anil a central transceiver. The central transceiver acts as Ihc.

interface with the remote Iransceivers, via the brorulband
distribution netwnrk, and a base transceiver station acts as
the interface bet&veen the telephone netivork and the central 45
tfafisci;lvcl's.

To carry svircless telephony signais over a broadband
distribution network, as dcscrit&cd above, a prcdctcrmincd
bandwulth on Ihe nelworl is typically allocated lor Ibis
purpose. However, as required, more bandwidth may be so

allocated lo carry v:ireless telephony signals. To most efli-
ciently use a given bandwidth to carry wireless telephony
signals bet&veen ivireless telephones and the telephnne
network, a combination of frequency and time division
multiplcxing, and other forms of signal multiplexing, is ..
ulihzerl This requires base transceiver station equipment
that acts as the interface with the telephone network and Ihc.

wireless telephone system. With Ihe base transceiver station
equipment is a central transceiver (RASP), also called a
I ieadend Interface ('.onverter (IHC), that interfaces with the R)

broadband distribution network, and it must function with
tclcphony si nels in thc wide frequency spectrum of radio
frequency signals on the telephone network, and up lo 1000
Mhz over the broailbaml distnbulion nelworl . This system
also requires a plurality of. remote Iransceivers, also callecl 65

cal&le microcell integrators (CMI) or Remnte Antenna Driv-
ers (RADs), in each of the cells nr sectors that can carry

many channeLs of telephony signals between the wireless
telephones and the central transceiver via the brnadhand
distrit&ution network, without creating signal interference
ivith the telephony signals in adjacent cells or sectors In
aclclition, the reniotc transccivers (RADs) must function with
anil translate telephony signals in the wide frcqucncy spec-
trums ot: up to 1000 Mhz on the broadband ihstnbuuon
network anil between 1850—1990 MHz for the radio link
between remote transceivers and wireless telephones To
function together properly in such a system wireless tele-
phone system there is a need for etficient operational com-
munication t&ctsvcen thc central transccivcr and remote
transceivcrs.

SUMMARY OF THE INVENTION

Thus, there is a need in the art for means tn monitor and
control the operations of the central transceiver anti remote
transceivcrs. In this rcspcct, a recurring prot&tern of thc prior
art is thc creation of a flcxiblc and rcliablc means for
encothng data and commands lo be receiverl from and
Iransmiiled to Ihe remote Iransceivers, for receiving infor-
mation from the remote transceivers, for monitonng the
operation of the transceivers, and for sending commands to
the remote transceivers to control their operation It is
necessary for thc encoding means to convey data ancl

commands in as flcxiblc and compact a form as possible to
preserve communications bandwidth and thereby to allow a

large number of. remote transceivers lo be momtored and
controlled from each hase station, and it is preferable that the
encoding allow a tlexible a netivnrk conhguration as pos-
sible.

The present invention is directed lo a monitonng and
command system for use in a wireless communications
system incluthng al least one central transceiver aml a
plurality of remote transceivers used for transmitting and
receiving telephony si nals to and from wireless telephones

According to the present invention, each of the remote
transceivcrs (RADs) are connected to a broadband distribu-
tion network that carries telephony signals bctwcen thc
remote Iransceivers (RADs) anrt Ihe central transceiver
(RASP). The central transceiver mcludes al least one remote
antenna signal processor (RASP) connected to the hroad-
hand distribution netivork and a control unit connected to the
at least one remote antenna signal processor, and the moni-
torin and command system controls operations of thc
rcmotc antenna signal processor anil thc remote transceivcrs.

The nionitoring and command system incluclcs thc control
unit, which exchanges messages with each of the remote
antenna si mal processors for controlling operauons of the
remote antenna signal processnrs, including momtnring the
operation of the antenna signal processors and the central
and rcmotc transccivers, anil controlling signal lcvcls and
frcqucncics of thc telephony signals. Each cxchangc of
messa cs bctwccn the control unit and a remote antenna
signal processor comprises a completed exchange of mes-
sages beiween Ihe ix)nlrot unit and the remote antenna signal
processor before initiation of an exchange nf messa es
bet&veen the control unit and a next remote antenna signal
processor.

The monitoring and command system further includes thc
at least onc antenna signal processor, which cxchangcs
messages with Ihe remote transceivers for controlling opera-
tions of each ol: the remote Iransceivers, inclurling monitor-
in ~ operations of. each of. Ihe remote tran&co)vers, relaying
messages between the control unit and each one of the
remote transceivers, and controllin the signal levels and



frequencies of the telephony signals. The messages of. an
exchange of messages between the at least nne remote
antenna signal prncessor and a selected one nf the remote
transceivers are interspersed with the messages of an
cxchangc of mcssagcs between thc at least onc remote
antenna si nal processor and at least one other of the reniotc
transceivers.

The messages exchanged among the control unit, the
remote signal signal processnrs and the central and remote
transccivcrs includes a message number fieid containing a '"
value identifying the meaning of the niessagc, a message tag
Iield conlaimng a value ident&lying a given message in a
sequence of messages, wherein Ihe message tag Iield is useri
in an exchange of messages between a remote antenna signal
processor and a remote transceiver, and a plurality of data
fields containing message infomiation &vherein the contents
of each data iield arc defined by the contents of thc message
number fiel. Thc data fields contain information including
an irlenlilicalion of a remote transceiver intended as a
recipient of a message, information determining Ihe operat-
ing parameters of Ihe remote lransceivers, anti information
pertaining to the status and operation of the remote trans-
ceivers
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The invention will be beuer unrlerslood upon reading Ihe.

following Detailed Description in con)unction with Ihe.

drawings in which

FIG. 1 is a block diagram of a wireless tcicphony ay&ten&

intcgratcd with a broadband distribution network;
FIG. 2 is a simplified blocl diagram of a remote trans-

ceiver used with the wireless telephony system, and having
a microprocessor that communicates ivith a central trans-
ccivcr via a broadband distril&ution network to carry tele- &s

phony signals and control si nals bctwcen thc wirclcss
telephones and the central transceiver;

I'IG 3 is a rletailed blnck diagram of the portion of the
remote transceiver that transmits tn wireless telephones,
wirckss tclcphony signals received via a broadband distri- uo

bution network from thc central transceiver, base transceiver
station, and tclcphonc network;

FIG. 4 is a rletailetl block rliagram of Ihe poruon of. Ihe
remote transceiver that receives telephony signals from
wireless telephones and forwards them via the broadband
distribution network to thc ccntrai transceiver, base trans-
ccivcr station, and tclcphonc network;

FIG. 5 is a block diagram of a typical network showing a
base transceiver station and a plurality of remote antenna

so
signal processors (RASPs), each of which is associated &vith

onc of a plurality of remote antenna drivers (RADs),
whcrcin thc base transccivcr station includes a head cnd
control unit and monitoring/comniand communications are
through network communications Encorler/Transceiver
(E/T)s,

I'IG 6 is a diagrammatic illustration of a message format
uscrl for encoding commands and nionitorcd data according
to thc present invention; and

FIGS. 7A through 7H arc illustrations of messages used ati

by the commumcation and control encoding system of Ihe.

present invention

DETAILED DESCRIPTION

In the drawing anil the follov:ing detailerl descmpuon ail as
elements are assigned three digit reference numbers 'I'he

first digit of each reference number indicates in which figure

of. Ihe drawing an element is located. The second aml third
di uas of each reference number inthcate spec&lie elements.
If thc same clcnicnt appears in morc than one figurc of thc
drawing, the second and third rligits remain the same and
only the hrst digit changes to indicate the fi ure of the
dra&ving in &vhich the element is located As used herein the
term "telephony signals" includes voice, data, fax and any
other types of. signals that are sent over a telephone network
now or in thc future. Throughout thc Figures and thc
following description, reference is made, for one example, to
a combined hami pass liber and amphlier 325u. There are a
number of. other such combined bantl pass lilters and amph-
fiers They are sho&vn and referenced this way for ease of
presentation only In reality they are each a discrete, separate
filte the output of vvhich is input to an amplifier.

In Fl(i I is shown a simple block diagram nf an exem-
plary broadband distribution network 112 mte raterl with a
vvirelcss tclephonc system which include a plurality of
rcmotc transccivers known as Remote Antenna Drivers
(RAD) 118 u— i, a central transceiver known as Remote
Antenna Signal Processor (RASP) 117, aml a Base Trans-
ceiver Station (BTS) 115 There are ditferent types of
broadband distribution networks in use. Such networks may
utilize coaxial cable, fiber optic cable, microwave links, and
a combination of thcsc. In thc enibodimcnt of thc invention
disclosed hcrcin a conventional hybrid fibe coaxial (HFC)
cable television signal disuubution system is utilized. Elec-
Incal power is distnbuted along broadband distnbuuon
net&vork 112 to po&ver line amplitiers (not shown) of the
cable television distribution network This electrical power
source, or alternate power sources, are used to provide
power to RADs 118 u/ 1

Integrated with broadband distribution network 112 is a
wireless telephony system in which thc present invention is
utilized. Onc such vvircless tclcphony system is taught in
U.S. patent application Scr. No. (Ig,'695,175, filed Aug I,
1996, anil entitled "Apparatus Anil Method For Distnbuun ~

Wireless Commun&canons Signals To Remote Cellular
Antennas'*. The telephony system disclosed herein includes
a hase transceiver station 115 which is cnnnected to a
tclephonc system 116. Base transceiver station 115 is also
connected to a Remote Antenna Signal Processor (RASP)
117 which is the interface to a broadband distnbution
network 112. Telephony signals carried between telephone
system 116 and wireless telephones 119 are carried via base
transceiver station 115, RASP 117, broadband network 112,
and RAI)s 118 um

As is known in Ihe prior arl, inclurling the above cited
prior patent application, one or more frequency bands or
channels of the broadband distribution network 112 are
reserved to carry tclcphony signals bctwccn tclcphonc sys-
tem 116 and wireless telephones 119 Tclcphony signals
originatin front telcphonc system 116 arc transmittcrl by
RASP 117 over broadbaml distnbuuon network 112 in
frequency division muluplexing formal. Telephony signals
originating at wireless telephones 119 are frequency multi-
plexed together by RADs 118 u— i and transmitted along with
control anti ain tones via broadbanrl network 112 to RASP
117, and thence to base transceiver station 115 anil tclephonc
system 116.

In base transccivcr station 115 there arc a plurality of
transccivcr modules (not shown), as is known in thc ivirclcss
telephony arl, each of which operates at a single channel
frequency al a time, anil which can handle a predetermined
maximum number of. telephone calls from wireless tele-
phones In the wireless telephone system described and
claimed herein, the frequency that the RADs 118 are



assigned to operate al must correspond to the operahng
frequency of Ihe assignecf BTS transceiver module aml are
sct by control signaLs rcccived front RASP 117 and hase
transccivcr station 115. If a particular RAD 118 is
re-assigned to function with a different transceiver module
within hase transceiver station 115, circuit settings cvithin
the particular RAD 118 must be changed to function v:ith Ihe
different transceiver mocfule. In Ihe wireless telephony, art
transccivcr modules in the base transceiver station arc also
referrecf to as channel card modules and racho modules. iu

When wirclcss tclcphony traffic in a first sector or cell
incrcascs to thc point where adequate service is not provided
to wireless telephone subscribers in Ihe Iirsl sector or cell,
life cfunng rush hour trafhc on a highway, in accorcfance.
with the teaching of the present invention the wireless
telephone system may be remotely reconfigured by RASP
117 tn reassign nne or more RADs 118 frnm one or more
nearby sectors or cells, whcrc those RADs 118 have over-
lappin signal coverage with thc first sector or cell, to handle
the excess wireless telephony Iralhc in Ihe Iirsl sector cell.

In FIG. 1 arc shown three rows of RADs 118. Typically
a number of RADs 118 arc spaced along, and connected to,
broacfbancf distribution networl 112 lo provicfe overlapping
signal transmission ancf reception coverage for Ihe enhre.
wireless telephnne system Some of the RADs 118 are
physically located near the lioundary betcveen two or more
cells or sectors and, dcpcnding on thc frcqucncy of operation
they arc sct to, can bc used to handle wireiess telephony
traffic in onc or morc of thc sectors or cells. Lct us assume
that RADs 118 8 8 i in the bottom row are phyxncally foe alecf

along broadbancf chslhbution system 112 and are conli urecf
to handle wireless telephony traflic in a first sector that
includes a highway During early morning and late afternoon
cvcry work day thcrc is rush hour traffic that creates peak
wireless tclcphonc traffic that causes unacceptable service
delays in thc first sector. Lct us aLso assunic that the RADs
118 d,e,/ in Ihe mxfdle row in FIG. I are conligured and
locatecf lo hamfle wireless telephone tralfic in a second,
adjacent sector but they each have an area of signal opera-
tion that overlaps the highway in the first sector

One or more of. RADs 118 d,e,/ may be dynamically
reassigned by RASP 117 to the first sectnr to handle the
increased telephnny traflic originating from the highway In
addition, as ncccssary, additional RASP 117 channels may
bc assi ncd, and additional modules in base transceiver as
station 115 may bc assigned to handle thc excess wirclcss
telephony trathc from the Iirst sector. To do this RASP 117
sends control signals lo the selected remote RADs d,e,/
which will cause the frequency at which they operate to be
changed to match the frequency of RAUS 118 gphi that are
normally assigned to handle wirelcss telephone traffic in the
first sector. At the cnd of thc peak traffic period RASP 117
may send control signals to the previously reallocated ones
of RADs 118 d,e,/ to change Ihe frequency al which they
operate back to their original settings so they are reassignecf
to handle wireless telephony traffic in the second sector
flowever, the re-assignment may be permanent depending
on traffic patterns cncountercd.

Typically there are a numlier of RAI)s 118 n— i spaced
along, and connected to, broadband distribution network 112
to provide overlapping wireiess teiephony signal transmis-
sion and rcccption covcragc for the entire wireless telephone
system in a number of cells or sectors. In Ihts arrangement
individual RADs 118 may be re-assigned lo handle wireless
telephony signals from an acflacent cell or sector with which ss
it provides overlapping signal coverage Bach RAI) 118 a—i
has antennas 120, 121, 122 used to transmit to and receive

signaLs Irom remote wireless telephones 119. Antenna 12fl is
used to transmit telephony si nels to wireless telephones
119, while antennas 121 and 122 are used to receive tele-
phony signals from wireless telephones 119 Antenna 121 is
callccl the primary antenna, ancl antenna 122 is called thc
diversity antenna. Antennas 121 and 122 arc physically
spaced and cooperate to minimize signal fading amf thereby
provide conlinuous signal reception from wireless tele-
phones 119

In FIG. 2 is shoivn a gcncral block diagram of a Rcmotc
Antenna Driver /RAD) 218. There is a first circuit 208 of
RAD 218, that is shown in detail in FIG. 4, that receives
telephony signals ohginahng at telephone system 116 and
carried via base transceiver station 115, RASP 117, and
broadband distribution netcvork 212, and then re-transmitted
via antenna 220 of a RAD 118 to a cvireless telephone 119
(not shown). There is also a second circuit 209 of RAD 218,
that is shown in detail in HG. 3, that rcccivcs wirclcss
telephony signaLs onginating from a wireless telephone 119,
and transmits them via broadbamf network Z12 to RASP
117, aml via base transceiver station 115 to telephone system
116

RAD circuitry 208 and 209 arc connected to and con-
troflcd by a microprocessor 210.

Frequency mulhplexed with the wireless telephony sig-
nals carried between RASP 117 ancf RAD Z18 are opera-
tional signaLs of. difierent types that are usecl ior controlling
the operation of each RAD 218 per the teaching of the
present invention Ihese operations include circuit
monitorin, gain control, circuit operation, and scttin thc
frequency of operation, of each RAD 218.

The first of the control operations listecl in thc previous
paragraph is gain control lo compensate ior losses and gains
in a RAD Z18 anil broadbaml distwbulion network 112. As
one part of this gain control operation RASP 117 sends a

frequency multiplexed control signal to RAI) 218 that is
received by microprocessor 210 on leads ('TRI. from circuit
208. Responsive thcrcto niicroproccssor 210 sends a signal
via leads AGC to circxut 209 which causes thc output of a
gain tone oscilhitor 34Z, with I nown signal level, to be
mserted into the signal path, along with telephony signals,
and fie returned to RASP 117 via broadband distnbution
netcvork 112 'I'he si nal level output from gain control
oscillator 342 (lrl(i 3) is of a lmv enough amplitude that it
does not interfcrc ivith telephony signals passin through
RAD 218, liut is separated front thc telephony signals at
RASP 117. RASP 117 analyzes the amplitude oi: the gain
control oscillator 342 signal receivecl at Ihe RASP, which
will reflect sins and losses in RAD 218 and broadband
distribution network 212, as part of a determination whether
or not to change gain control attenuators in RAD 218

As part of monitoring circuit gain levels, as requested by
a control signal rcccived from RASP 117, microprocessor
210 reccivcs information from RAD circuits 208 and 209 on
leads MON indicating the gain level of signals only within
these circuits, anil reports Ibis mformahon to RASP 117 as
descrified in the last paragraph. Using this circuit gain level
information, and the gain tone information described in the
previous paragraph, RASP 117 can dctcrminc gains ancl

losses introduced in broadbancl distribution network 212
Responsive to thc gain Icvcl information dcscribcd in thc

previous Iwo paragraphs RASP 117 can senti other control
signals back to RAD Z18, in accordance with the teaching of
Ihe present invention, which are receivecl by microprocessor
210 on leads (fl'RI. Microprocessor 210 uses the control
information received from RASP 117 to send signals via



leads AGO to RAD circuits 2U8 aml 2U9 which results in
adjustments being made to attenuators to adjust the signal
gain levels in these circuits

RAD 218 receives an interrogation control signal, as
previously dcscribcd, which cause microprocessor 210 to
send back information about RAD circuit 208 (FIG. 4) and
circuit 209 (FIG 3). This information indicates the senings
of attenuator pads, the temperature at which each RAD 216
is operating, and the frequency of local oscillators within
RAD circuits 208 and 209. iu

Microprocessor 210 may receive other cnntrnl signals
from RASP 117, in accordance with the teaching of the
present invention, and respond thereto to change thc fre-
quency of some of the local osciilators within RAD circuitry
208 and 209 to change the Irequency on which telephony
signals aml control signals are earned over brotulband
distribution network 112 to and from RASP 117 In this
manner the sector which each RAD 118 is assigned tn may
be changed tn handle peak traffic loads and for other reasons

In FIG. 3 is shown a dctaiicd block diagram of circuit 309 o

within Rcmotc Antenna Driver (RAD) 118 that carries
telephony signaLs from a wireless telephone 119, via broad-
band communications networl 112, to central transceiver
RASP 117 This is the circuit shown as RAD circuit 209 in
I IG. 2.

Briefly, primary receive antenna 321 is cot&I&ected tn a first
portion of the circuitry in I'IG 3, and that circuitry is
identical to a second portion of the circuitry that is connected
to diversity receive antenna 322. Thc telephony si naia
received by both antennas 321 anrf 322 from a wireless
telephone 119 (not shown in FIG. 3) are initially processed
in parallel, then the two tugnals are Irequency multiplexed
together and are bnth returned via broadband distribution
network 112 (shnwn in HG 1) tn remote RASP 117 and
base transccivcr station 115 (FIG. 1) to be processed.

Built into RAD circuitry 309 in Iii(l. 3 is circuitry which
is enabled by microprncessor 210 in Iil(l. 2, respnnsive to a
control signal rcccived from remote RASP 117, to provide
gain control for the tclcphonysi nalas it appears at the input &o
of RASP 117. Further, RASP 117 can aenrf other Irequency
multiplexed control signals to each RAD 118 which micro-
processor 210 responds to and changes the frequency at
which RAD 118 transmits and receives telephony signals
over broadband distribution netivnrk 112 to and from RASP &s
117, and can also change the frcqucncy at ivhich each RAD
118 communicatcs with wireless telephones.

Telephony signals froin a wireless telephnne 119 (not
shown in FIG. 3) opcratin in a sector assigned to onr or
morc RAD 118& arc rcceivcd by primary receive antenna 5&

321. These signals are input to an isolator 333n which
isolates antenna 321 from RAD circuit 3U9. The telephony
signal is then input tn directional coupler 324n that has a
secnnd signal input thereto from pnwer divider 343 ivhich is
used for the aforementioned gain control purposes.

The telephony signal (modulated Rli carrier) received
from remote &vireless teiephnne 119, and the gain tone, low
lcvcl signal, arc applied via directional coupirr 324a to a
combined band pass filte and amplifier 325n. Thc si naia
arc amplified and cxtrancous si nals are tiitcred from the sti
received telephony signal by bamlpass Iilter 325m The.

operation lust iiescmbed also apphes to isolator 3336, cou-
pler 3246 anil bandpass filter and amplifier 3256.

The amplilied aml filtered telephony signal is then input
to mixer 326a which is used along with SAW Iilter 329n ss
primarily tn assist in filtering of the spread spectrum, digital
telephony signal m accordance with the teaching of present

mvenuon. Mixer 326a also has input thereto a s&gnal from
local oscillator 327. This signal from local oscillator 327 is
input to poiver divider 328 which apphes the si nal to both
mixers 326n and 3266 ivhile providing isolation between
thcsc two mixcrs.

The frequency of local oscillator 3Z7 is dig&tally con-
trolled and is determined by a binary control word applied
to its control input 327a from microprocessor 210 (I'IG 2),
responsive to control signals received from RASP 117
Siniilarly, control signals from remote RASP 117 causes
microprocessor 210 to sct thc frequency of digitally con-
trolled local oscdlators 333&& and 3336.

The operation of mixer 326a results in multiple frequen-
cies heing output from the mixer as is knoivn in the art, but
due to thc frequency of oscillator 327, most of thc signals
present at thc input of RAD circuit 309 from antenna 321 arc
shiftcrl far outside the band of frcqucncies which can pass
through SAW Iilter 329. Only the desired signals can pass
through SAW Iilter 329. This frequency shiTt also helps to
prevent leak through of unwanted si naia present at the front
end of circuit 309 because they are blocked by narrow
bandpass filter 325 which is passing si nals of a frequency
far from thc signals applied to SAW filter 329. Duc to the
sharp filtering action of SAW filter 329, cvcn spurious
signaLs close to the desired telephony and control tone
signaLs are removed. The same filtering operation applies to
mixer 3266 and SAW filter 3296.

The filtered telephony signal is then amplified by ampli-
fier 339a and input to step attenuator 330n which is used to
arljust thc ain level of thc signal in onc-half dB steps Thc
amount of attenuation provirlcrl by step attcnuator 330a is
controlled by a binary word at its control input 331a from
microprocessor ZLU. The control of step attenuators 33Un,
3306, aml 336 is all accomplished responsive to control
signals from RASP 117 as part of the gain control operation
that assures that the signal level of telephony signals appear-
ing at thc input to RASP 117 from all RADs 118 a—i arc
within an acccptablc ran c. Attcnuator 3306 in thc parallel
channel handling thc telephony si nals from diversity
antenna 32Z performs the same function.

The telephony signal thai is output from step attenuator
330a is input to mixer 332n along ivith a fixed frequency
signal from local oscillator 333a. Mixer 332a is userl to shift
the frequency of the telephony and gain tone signals to the
frequency rcquircd to apply the signals to broarlbanrl rlistri-
bution network 112. This same operation applies to thc
telephony and gain tone signals output Irom mixer 3326

The frequency of oscillators 333n and 3336 is determined
by binary words applied to their control input 333c. A
control signal is sent from RASP 117 ivhich causes micro-
processor 210 to set the frequency of local oscillators 333a
and 3336. Thc frequency of thc tclcphony signal output from
step attcnuator 330n is thc same as thc frequency of thc
telephony signal output from step attcnuator 3306. However,
the Irequency of local oscillator 333a is diiferent Irom the
frequency of. Local oscillator 3336. The result is that the
carrier frequency of the telephony and gain tone signals
output from mixer 332a is different than the carrier fre-
quency of the telephony anil ain tone signals output from
mixer 3326. This is done so that both primary antenna 321
anil diversity antenna 322 si nals are both sent to RASP 117
and base transceiver station 115 for processing. However, all
carrier Irequencies are withm the assigned wireless tele-
phony channel on broadband distribution network 112

The telephony signals received by primary antenna 321
and diversity antenna 322 are frequency multiplexed
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together anti sent via broadbaml nelworl 112 lo RASP 117.
I'o accomplish this, cnmbiner 334 is utilized Cnmbiner 334
has the telephony and gain tone signals output from both
mixers 332a and 3326 input thereto. As described in the
previous paragraph thcsc two telephony signals modulate
carriers that are at dificrcnt frcqucncies, but both frequencies
are in an ass&gned channel of broadbaml tlistribuuon nei-
work 112 Combiner 334 combines the two sets of signals so
they are all frequency multiplexed tngether

Thc combined signal is input to bandpass filter and '"
amplihcr 335 which removes spurious frcqucncies created
by Ihe m&xing act&on in circuits 332a anti 3326, aml ampli-
lies the signals that pass through the filter. The comb&ned anil
Iillered telephony and gain tone s&gnals are input lo slap
attenuator 336 to adjust the gain level of signals Similar Io
the operation of the previously described step attenualors,
this digitally controlled attcnuator is set responsive to con-
trol signaLs rcccivcd from remote RASP 112 as part of the
gain control operat&on.

The frequency multiplexed telephony and gain tone sig- o

nels output from step attenuator 336 are input to signal
combiner 337 wh&ch has a second input from control signal
oscillator 338. Thc frcqucncy of control signai oscillator 338
&s sct rcsponsivc to a binary si nal on its control leads 338a
from m&croprocessor 21U. RASP 117 is the orig&n from
which Ihe control signal &s received to set the frequency of
control signal oscillator 338 The frequency chosen is dif-
ferent than the frequencies used for the telephony signals
received via the primary and the diversity antennas and for
thc ain tone signal.

Responsive to difierent control signals received from
RASP 117, microprocessor 2IU (FIG. 2) sends s&gnals on
control inputs 338a. These microprocessor 210 signals cause
control s&gnal oscillator 338 to produce an information
s&gnai. Thc information signal indicates various infomiation
about RAD 218, but particularly including thc settings of
step attenuators 330a, 3306 and 336, to RASP 117 as part of.

the novel ga&n control operation. RASP 117 uses ih&s infor-
mation to keep an updated status regarding each of Ihe
RAI)s 118 a—i

Thc output from combiner 337 now has five signals
frcqucncy multiplcxcd together to lie returned via broadband
network 112 to RASP 117. The signals are the telephony
s&gnal race&ved by primary antenna 321, the telephony s&gnal
received by d&versity antenna 322, the gain tnne signal
output from gain tone oscillator 342 as applied to lx&th

primary anti diversity paths, and the system information
signal output from control signal oscillator 338. This fre-
quency multiplcxed signal output from combiner 337 is s,&

input lo hami pass filter anti ampl&lier 339 lo remove any
extraneous s&gnals and amplify Ihe des&rett signals before.
they are input to broadbaadl distribution net&vork 112 and
sent to RASP 117.

Transformer and coupler 340 is used to couple thc fre- ..
quency mull&plexed s&gnals tlescribed in the previous para-
graphs to bros&lbaml distribution network 112. The trans-
former is an impatience matching Iransiormer hav&ng 50
ohm primary and 75 nlnn secondary windings When broad-
band d&stnbutinn network 112 uses coaxial cable, the sec-
ondary wincing of transformer 340 is wired in series with
thc ccntcr conductor of thc video distribution coaxial cable.
As previously &lescnbed, RAD 118 hangs from the coaxial
cabling of the broadbantl Lhslnbution network 112 lo wh&ch
&I is connecletl In other applications, such as with liber opuc ss
cable, other well known frequency conversion and signal
coupling techniques are used.

A small poruon of. Ihe frequency mulliplexed signals
passing through transformer and coupler 340 is coupled to
liuilt In Test (1)IT) and power monitor 341. Monitor 341
samples the signal level of the combined si nels that are
bein input to broadband rlistribution net&vork 112 and
reports this information to RASP 117 via control signal
oscillator 338 which has been previously descnbed. If lhe
output signal level is loo high and the level cannot be
corrected, microprocessor 210 &vill shut down RAI) 118 and
report this to RASP 117

In FIG. 4 is shown a detailed block rliagram of circuit 408
&n RAD 118 thai camas telephony signals orig&nating al
RASP 117 via broadband distribuuon network 112 and
circu&l 4U8 lo wireless telephones 119 (not shown). As
previously described, RAI) 118 hangs from and is connected
to broadband distribution network 112 Transformer 442 &s

an impedance matching transformer having 75 ohm primary
and 50 ohm secondary winrlings. When broarlband distri-
bul&on network 112 is m&axial cable, the pnmary w&mhng of
transformer 442 &s wired &n series with lhe center comluctor
of. Lhe coaxial cable. Transformer 442 is used to connect
frequency multiplexed telephony and control signals earned
on broadband distribution net&vork 112 to the input of RAI)
circuit 408. Only thc RADs 118, thc rcceivc frcqucncy
vvhich has bccn tuned to thc particular frcqucncy of tek-
phony and control signaLs on broadband distribution net-
work 112 can actually receive anil forwardal the telephony
s&gnals io a wireless telephone 119.

All RADs 118 assigned to a sector receive control signals
directed toward any onc of thc RADs m thc sector Howcvcr,
each RAD 118 has a unique address that prcfixcs each
control signal anil &s used by ihe RAD 118 to accept only
control si mals directed specilically to il by RASP 117.

The frequency muluplexeil telephony an&i connol signals
received by RAD circuit 408 from broadband distribution
network 112 are input to hand pass filter and ampliher 443
Thc combination of mixcrs 444 and 447, anil filter 443, 446
and 451 arc primarily used to provide filtering of the digital,
spread spectrum tclcphony si nal in accordance with thc
leaching of preseni invention.

Filler 443 passes all possible frequency muluplexed tele-
phony and control signals that are carried on broadband
distrii&ution network 112, and excludes most other unwanted
signals carried on broadband distribution network 112 I'&r-

cuit 443 also amplifies thc signals that pass through thc tilter.

The si nels output from filte 443 are input to mixer 444
alon vvith a signal from local oscillator 445. Alike the local
oscillators shown m FIG. 2 aml descmbed with reference to
Ihal Figure, Ihe frequency of local oscillator 445 &s d&gitally
controlled at its input 445a by microprocessor 210 in I'IG
2 responsive to control si nals received from RASP 117

The operation of mixer 444 results in multiple frequencies
bein output froni thc mixer as is known in thc art and
unwanted frequencics are blockerl by hand pass tilter 446
which passes only desired signals. The selected set of
telephony and m&nlrol signals are now input lo mixer 447
Alii e other local oscillators in FIGS. 3 anil 4, oscillator 449
is digitally controlled at its control input 449a by micropro-
cessor 210 responsive to control signals receive&i from
RASP 117. In a manner well-known in thc art, mixer 447
combines thc sicnals input to it and provides a number of
ouipui s&gnaLs al dilferenL frequencies. All these frequencies
are input lo an auenuaior 450 which is used to adjust lhe gain
level of. Lhe signals. Allenuator 450 is part of the gain control
system and is digitally controlled at its input 450a &n l)2 dli
steps by microprocessor 210, responsive to cnntrol signals
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received from RASP 117, alike the digitally controlled
attenuator 336 in FIG. 3.

The gain adjusted signal output from attenuator 450 is
input to SAW filter and amplifier 451. Due to the sharp
filtering action of. SAW filter 451, even spunous signals
close to the desirecf telephony ancf control lone signals are
rcmovcd. Control signals frcqucncy muitiplexed with the
tclcphony signal do not pass through SAW filter 451.
Instead, the control signals are input to mixer 448 as is
described further in this specification. Iu

Thc tclcphony signals passed throu h SAW filter 451 are
input to digitally controlled attenuator 452 to adjust the gain
level of the signal before it is input to mixer 453 along cvith
the output of digitally controllecf local oscdlator 454.
Attenuator 452 is part ol. Ihe gain control system ancf is

is
digitally controlled at its control input 452a in 2 dB steps by
microprocessor 210, responsive to control signals received
from RASP 117

The amplitude rulfusted telephony signal output from
attenuator 452 is mput to mixer 453 along with a signal from
digitally controlled 454a oscillator 454. Oscillator 454 is
controlled by microprocessor 210, responsive to control
signals rcccivcd from RASP 117, in the same manner as
local oscillators 445 ancf 449. Mixer 453 combines ihe two
signaLs in a manner well-knov:n in the art Io produce several zs
output signals, one of. which is the telephony signal now
havmg the desired carrier frequency for transmission of the
communications signal to a remote wireless telephone 119
Thc signals output from mixer 453 arc input to band pass
filte ancl amplifie 455. Band pass filter 455 passes only the
des&reef earner frequency. The regnal is also amplified before.
being input to signal divider 456.

A portion of the telephony si nal input to divider 456 is
diviclecf ancf input to bit anil power monitor 457, while the
remain&far of Ihe signal ts input Io bancf pass lifter ancf

ampliher 458. Bandpass tilter 458 assures that there are no
extraneous signals combined with the desired telephony
signal, amplifies same, and applies it to pc&ver amplifier 459
Power amplifier 459 amplifies the telephony signal and
coupks it to transmit antenna 420. Thc si nal is transniitted an
withtn Ihe physical area of Ihe cell or sector covered by this
RAD 118 and is received by a remote wireless telephone 119
which is m the area covered by this RAD 118

The telephony signal input to bandpass liber 458 is
samplecf by divider 456 aml the sample ts input to BIT encl
Power Momtor 457 'I'he level of signal is reported by
microprocessor 210 to RASP 117 In addition, the output of
power amplifier 459 is also sampled and input to IIIT and
Power Monitor 457. A signal level mcasurenient is used in
concert with attcnuators 450 and 452, as commanded by 5&

RASP 117, to adfust the power level of the telephony si mal
to be appliecf to transmit antenna 42U. If. the signal level
output from povver amplifier 459 is too high microprocessor
will shut dovvn this RAD 118.

A portion of the signal output from bandpass lifter ancf

ampliher 446, and still including any control signals, is input
to mixer 448 along with a signal from local oscillator 460
Thc output of mixer 448 is input to reference channel
oscillator 462 and forward control channel circuit 461.
Circuit 461 accepts only control signais sent front RASP 117 so
anil san&is them to microprocessor 210. Control signals have.
a prelix RAD address as part of the control signals and each
RAD 118 has a unique address. I'herefore, microprocessor
210 in each RAD 118 can recognize and accept only control
signals dircctcd to it. 66

When a RAD 118 receives control signals directed to it,
microprocessor 210 responcLs thereto to perform the action

required by RASP 117. The control signal may ask for the
settings of the local oscillators and attenuators, and this
information is returned to RASP 117 using control signal
oscillator 338 as previously described. 'I'he control signal
from RASP 117 may also indicate rcviscd settings for local
oscillators ancl attcnuators. Microprocessor 210 makes thc
required changes and then sencls a conlirmauon signal back
to RASP 117 indicating that the requestecl changes have
been made As part of the ain control operation the control
signal from RASP 117 may also request information con-
cerning the outputs from bit and power monitors 341 and
457, and rcqucst that thc output from gain tone oscillator 342
bc adclcd to thc telephony communications signals. Respon-
sive Io any of. these control signals, microprocessor 2HI
performs the requescs.

Reference channel oscillator 462 processes the output of
mixer 448 to gcneratc a phase lock loop refcrcncc signal that
is used to provide a master frcqucncy to all local oscillators
within all RAD 1186 to match their frequency of operauon
with RASP 117.

Having considered the design and operatinn of a RASP
117 and a RAD 118 in a wireless telephone system, the
follovvin will next consiclcr thc means by which thc opera-
tion of RASPs 117 ancl RADs 118 arc momtorccl and
controlled anil, in parucular, Ihe presently preferrecl embodi-
ment of. Ihe means by which commands and momtored data
are encoded and communicated over the network

Rcfcrring first to FIG. 5, thcrcin is illustrated a gcncral-
izccl block dia rani of a wirclcss telephony system inte-
grated with a broadbaml distribution network accorchng to a

presently preferred embodiment of Ihe present invention. As
shown therein, the system will include at least one Head End
Control Unit (HL'('U) 563 ivhich may lie implemented, for
example, by program control in a computer, and which
rcccives ancl monitors data from RASPs 517 ancl RADs 518
rcprcsentin the states of operation of thcsc elements of thc
wireless telephone system, anil which generates anil trans-
mits commands to RASPs 517 aml RADs 518 controlling
Iheir operation. As indicated, HECU 563, which is part of
13ase Transceiver Station 115, includes an Encoder/
Transceiver (L&T) 564 that communicates monitored data
and commands bctwccn the HECU 563 and thc RASPs 517
and RADs 518 through the broadband distribution nctv ork
112. In the presently preferred embodiment of the invenuon,
Encoder Transceiver (E/T) 564 may be, for example, a
commercially available LONWorks neuron circuit which
executes a communications protocol similar to the ethernet
protocol.

Thc physical connection bctwccn thc HECU 563 and
RASPs 517 may be, for example, a RS-485 hnk, as is well
I nown Io those of skill in Ihe relevant arts

As also shown in I'IG. 5, the HL'('U 563 may be con-
ncctcd to one or a plurality of RASps 517, each of which
may in turn bc connected to onc or a plurality of RADs 518
As mchcated in FIG. 5, each RASP 517 will include a first
Encoder Transceiver (E/T) 564 for commumcaun ~ with the
HECU 563 aml a seconcl Encoder/I'ransceiver (E&T) 564 lor
communicating ivith the RADs 518 associated with the
RASP 517. As indicated in a single, exemplary one of the
RADs 518 of FIG. 5, each RAD 518 will, in turn, incluclc an
Encoclcr&Transceiver (E:T) 564 conncctecl bctwcen the RAD
518 receive and transmit circuits 5U8 and 509 and the RAD
Microprocessor 210 for communicating between the RAD
microprocessor 210 and Ihe associated RASP 517. As imh-
cated in I'l(l 5, the communications links between a RASP
517 and the associated RADs 518 may also include a
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RS-232 Irnl directly between the RASP 517 and one or more.
of the RAD microprocessors 2IU, which does not require Ihe
usc of Encodcrs/Transccivcrs 564.

As has been discussed, the control and monitoring of a
large networl containing a large number of. remote antenna
drivers (RADs) aml remote antenna signal processors
(RASPs) rcquircs a flcxiblc and reliable means for encoding
anil communicating data and commands to bc received from
and transmitted to the remote antenna signal processors
(RASPs) and the remote antenna drivers (RAI)s) It is iri
necessary for the encoding means Io convey clara anti
commamls in as flexible and compact a form as possible to
prcscrvc communications bandwidth and thereby to allow a
large number of rcmotc antenna drivers (RADs) to be
monitored anil controlled from each base transceiver station
115, and it is preferable that the encoding allniv a flexibl a
network conliguration as possible.

As descnbed previously, a primary function nf each
RASP 517 rs to act as an intermediary for communications
between a HECU 563 aml Ihe RADs 518 connected io Ihe
RASP 517, ior which purpose Ihe RASP 517 passes com-
mantl information from thc HECU 563 to thc RADs 518
conncctcd to thc RASP 517 and collects status information
from the RADs 518 A second primary function of a RASP
517 rs to control the RADs 518 connected to the RASP 517,
such as tuning the RAD 518 transmitting and receiving xs
frequencies, controlling the attenuation levels of. Ihe tele-
phony si nals anil collcctin and maintaining operational
status information.

The monitoring and command communications aml
encoding system of Ihe prese nl invention accommodates Iwo
forms of communications traflic in order to perform Ihe
above descnbed functions, wherein the two forms of traflic
result from the types of communicatinns between a IILCU
563, thc RASPs 517, and thc RADs 518 and thc resultin
concentration patterns of telephony signais in thc system.
That is, thc HECU 563 communicates not oniy with the
RASPs 517, but also with each of the RADs 518. Each
RASP 517, however, rs generally a communrcauons node.
for a plurality of RADs 518, that is, monitors and controls
a plurality of RADs 518 as well as operating as a relay and
concentration point for communications between the HECU
563 and thc RADs 518 connected to RASP 517.

As such, there is a first traflic pattern of infrequent but
high volume of command and control communications
bctwccn thc HECU 563 and each individual RASP 517, as
comprising, for each RASP 517, communications between
the HECU 563 anti the RASP 517 and communications
between Ihe HECU 563 anti the RADs 518 thai are relayed
thrnugh the RASP 517 L'ach exchange of command and
control communications traflic betiveen a IH.'CU 563 and a
RASP 177 may comprise a rclativcly hi h voiumc of traffic
with a given RASP 517 and an exchange bctwccn a HECU
563 and a RASP 517 will typically compictc all current
outstamling communicauons with that RASP 517. Such an
exchange v:ill usually be comprised of a sequence of. mes-
sages exchanges, such as a command message from the
HL'CU 563 to the RASP and a return message, such as an
acknowledgment or rcpiy or response from thc RASP 517 to
thc HECU 563. Thc HECU 563 will then switch to another
RASP 517 and rcpcat thc process, and so on. The comniand sti
anti control commumcauons between a HECU 563 and a
RASP 517 will thereby typically be of Ihe form of. a
completed exchange of transmissions and replies betiveen
the IIL'CU 563 and the RASP 517 before the IIECU 563
begins communication with thc next RASP 517.

There is a second traffic pattern between each RASP 517
and the RADs 518 connected tn the RASP 517, however,

compnsed of commands anil monitoring data messages
exchanged between the RASP 518 and the RADs 518
connected from the RASP 517 and messages between the
I ILCU 563 to the individual RADs 518, for which the RASP
517 operates as a relay node. Accortlmgly, thc total volume
of comniunication traflic lictwcen a RASP 517 and thc
associated RADs 518 may be relatively greater. Each RASP
517 will typically exchange a relatively small volume of
messages ivith each RAD 518, such as a sequence of
commands, before sivitching to a next RAD 518 lo issue a

sequence of commands, and so on, and ivill return to each
RAD 518 at a later time to receive thc replies, acknowletlg-
ments,or responses to the initial commands.

Finally in this regard, ii will be noted that the vanety of
messages that must be exchanged between the IIL'CU 563,
RASPs 517 and RADs 518 is, by the nature of the wireless
telephony system, relatively limited, being csscntially
rcstrictcd to commands anil rcpiics to commanrls. As such,
Ihe messages are encoded in ihe form of a relative compact
unique code for each meswge, together with such associated
dais as is necessary io lully specify a commami. A command
issued by a RASP 517, for example, may include a code
directing a RAD attenuator setting together with data rep-
rcsentin thc value to which thc attcnuator is to bc sct, or a
cocle idcntifyin monitoretl data, such as a signal Icvcl,
io ether with data represennng the measured value of ihe
signal level.

Referring now to I I(i. 6, therein is illustrated a message
as exchanged between I IL'('Us 563, RASPs 517 and RADs
518 according to thc prcscnt invention As shown therein, a
Mcssagc 665 includes twelve Fields 666 which, in turn, arc
compnsed of a Message Number (MSG. Num.) 667 iield, a
Message Tag (MSG Tag) 668 Iieltl anil a plurality of Data
Fields (Dl's) 669, ivhich are represented in the presently
preferred embodiment by IU data fields indicated as I)I's 669
¹I through Dlr 669 ¹10) In the presently preferred
cmbodinicnt, each Fieltl 666 contains one byte, that is, 8 bits,
ot'nformation.

The MSG Number 667 Iiekl contains a numenc value, i or
example, a hexadecimal number, representing the meaning
of the message, such as "message failed'*, "set up down-
stream attcnuators and power control" or "read frequency
status". The prcscntiy preferred cmbotlimcnt of the moni-
lonng anil command communications ami encodin ~ system
of. Ihe present mveniion provides Iifty-three messages, that
rs, defines Iifly-three diiferenl, unique message codes that
may appear in a MS(r Nmnber 667 field, each of which is
defined in Appendix A.

Thc MSG Ta 668 fieltl of a Mcssagc 665, in turn,
contains a numenc value thai is assigned Io a given message
for the purpose ol ideniiTyrng thai message out oi a sequence
of messages. As described above, the MS(l 'I'ag 668 field of
a Message 563 contains eight hits and is therefnre capable of
uniquely identifying each Message 563 in a sequence of
two-huntlrcd fifty-six messages, whcrcupon, in thc prcscnt
cmbotlimcnt of thc invention, thc system rctums to thc
be nnnrn ~ of the sequence and repeats the sequence, ami so
on.

As has been described above, a communication exchange
between a HECU 563 anil a RASPs 517 in thc presently
prefcrrcd cmbodinient ivill complete all current outstanding
communica fons with that RASP 517 anil will be of the form
of a completed exchange of Iransmissions anil rephes
between ihe HECU 563 aml ihe RASP 517 before the HECU
563 Iiegins communication with a next RASP 517 It rs

therefore not necessary to track the individual messages
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exchanged between a HECU 563 and the RASPs 517 as each
exchange of one nr mnre messages between a IH.'CU 563
and a RASP 517 will he sequential and complete and, as
such, the MSG Tag 668 field is nnt used, that is, is essentially
ignored, in communications between a HECU 563 and thr
RASPs 517.

As has also been described above, however, each RASP
517 will typically exchange a relatively small volume of
messages with each RAD 518, such as a sequence of
commands, bcforc switching to a next RAD 518 to issue a '"
scqucncc of commands, and so on, and wili return to thr
RADs 518 at a later time to receive the replies, acl nowl-
edgments or responses to the initial commands. As such, a
transmission of messages between a RASP 517 and a RAD
518 will typicallv he partial and the messages sent to or
received from a RAD 518 liy a RASV 517 will he inter-
spcrscd with mcssagcs sent to or rcceivcd from nne or niore
other RADs 518 As such, the MSG Tag 668 fiuid is used for
communications between a RASP 517 aml iis associated
RADs 518 in oriler Io tracl and coordinate the messages sent
to or receiverl from each RAD 518.

The Dl's 669, m turn, contain numeric or alphanumeric
data pertaining to thr meaning of thc message, such as the
reason for a mcssagc failing, thc identificatio of a RAD 518
whose rlownstream auenuators aml power levels are to be sei
anil the settings for Ihe aiienuaiors and power levels, or a
command for a RAD 518 or RASP 517 to report upon
operating parameters identified in the message.

The pnssihle range of messages, uses, and content of Dl's
I)

669 arc illustrated in FIGS. 7A throu h 7H. For example,
'

FIG. 7A is a tabulation of thr fifty-three messages imple-
mented in the presently preferred embodiment of Ihe
inventton, the left hand column of which expresses Ihe
fifty-three ililfe rent hex;ulecima1 numbers that may appear in
the MSG Number 767 Iield of a Message 563 tn identify the
meaning or cnntents nf a message I'IG. 711, in turn, is MSG
Number Dx00, that is, mcssa e "0', which is a response only
mcssagc identifying that a message failed to bc processed by
thc intcndcd rccipicnt of the message and expressing, in the
DF 769 fields of the message, the reason lor Ihe lailure.

FIGS. 7C, 7D and 7E are messages Iransmiued Io RASPs
517, identifierl in the messages as "Hl('s'*, by a HLCU 563
to respectively set or change the RASP 117's state and
channel parameters, to set the RASP 117's doivnstream
attcnuators and power control, and to sct thc RASP 117's
upstream attcnuators and power contrnl.

FIG. 7F is a mess) c transmitted to a RASP 517, at thr
installation of a new RAD 518,and dlustraies the loading of.

an tdentiiication coile for Ihe new RAD 518, ulenuiied as a sn
"Neuron ID**, into a dataliase in the RASP 517 In this
regard, it should be noted that, as described previnusly, the
prcscnt implcmcntation of thr systeni uses Neuron circuits
for commumcation between HECU 563, RASPs 517, and
RADs 518, and that each HECU 563, RASP 517 and RAD
518 thereby contains a Neuron circuit. Each HECU 563,
RASP 517, or RAD 518 is thereby iden(iliad and addressed,
for example, as the intended recipient of a Message 563, by
the corresponding stnred Neuron Chip identification cnde, or
"Neuron ID'. i I)

FIG. 7G illustrates a message used at instaliatinn nf a
RAD 118, and subsequently to initialize, and change thr
state, lrequencies anil other parameters of the RAD 518, also
referrerl to as a "CMI", as may be seen from the contents
delineil lor the DF 769 lielils. It will be noted that Ibis as
message, as wnuld he typical for a message tn a RAD 518,
contains a message tag (0—255) in MSG Tag 768 field and

an idenulication (Neuron ID) of the RAD 518 intemled as
the recipient of the message in the form of a Sectnr Number
and a ('MI Number, forming a Neuron ID, in Dl'69 iield
82

Finally, FIG. 7H illustrates a message used to control the
gain su(un s of RASPs 517 and RADs 518.

In conclusion, ivhile the invention has been particularly
shown and rlcscribcd with rcfcrcnce to prefcrrcrl embodi-
ments of the apparatus anil mcthorls thcrcof, it will be also
understood by those of orrlinary skill m thc art that various
changes, vanations and mothlications in form, details and
implementation may be made therein without deparun ~

from the spirit and scope of the invention as defined hy the
appended claims. 'I'herefore, it is the object of the appended
claims to cover all such variation anil modifications of thc
invention as come within the true spint and scope of thc
invention.

What is claimed is.
1. In a wireless telephone system including a plurahty of

remotely located transceivers for transmitting and receiving
telephony signals to and from wireless telephnnes, each of
the plurality of remote transceivers heing connected to a
broadband distriliution network that carries thc telephony
signals bctwecn thc reniotc transccivers anil a central
location, ihe central location incluiling at least one remote
antenna si mal processor connected to the broadband distri-
bution netivork and a control unit cnnnected tn the at least
one remote antenna si nal processor, a monitoring and
command system for controllin operations of the at least
one remote antenna signal processor and all thc rcmotc
transccivcrs, said monitorin and commanrl system com-
prising:

the control unit for exchan in messages with said at least
one remote antenna signal processor and all of said
rcmotc transccivcrs for nionitorin anil controlling
their operations, wherein

each exchange of messages between Ihe control unit and
said at least one remote antenna signal prncessor com-
prises a completed exchange of messages betiveen the
control unit anil sairl at least onc rcmotc antenna signal
processor before initiation of an exchange of mcssagcs
bctwcen thc control unit anil another rcmotc antenna
signal processor, and

the at least one remote antenna signal processor for
exchanging messages with each nf the plurality of
rcmotc transccivcrs for nionitorin anil controlling
operations of each of thc rcmotc transccivers, and for
relayin ~ messages between the control unit anil each of
Ihe remote Iransceivers, wherein
Ihe messages of. an exchange of. messages between ihe

at least one remote antenna signal processor and a
selected one of the remote transceivers being inter-
spcrscrl with the massa cs of an cxchangc of mcs-
sagcs lietween thc at least one rcmotc antenna signal
processnir anil others of ihe remote Iransceivers,

wherein the messages exchanged among ihe control
unii, the ai leasi one remote antenna signal procesmir,
and the remote transceivers includes;

a message number Iield containin a value identifying
thc meaning of thc message,

a mcssa e tag ficid containing a value irlcntifying a
given mensa e in a sequence of messages,

wherein Ihe message tag Iield is used in an exchange of
messages between Ihe ai least one remote antenna
signal processor and each of the remote transceivers,
and
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a plurality ol. dale lields containing message informa-
tion wherein the contents of each data field are
detined hy the contents of the message nmnher field

2. The monitoring and command system of claim 1

whcrcin thc rlata fields contain information comprising:
an i&lenulicalion ol. a remote transceiver intenrled as a

recipient of a message.
3. The monitoring and command system of claim 1

wherein the data fields contain information comprising:

information delerminmg lhe operaung parameters of the
rcmotc transccivers.

4. The monitoring and commanrl system of claim 1

wherein thc data fielrls contain information comprising:

information pertaining to thc status and operation of thc
rcmotc transceivcrs.




